The aim of this study was to evaluate the risk factors and elucidate the clinical characteristics of cancer-associated ischemic stroke to differentiate it from conventional ischemic stroke in China and East Asia. Between June 2012 and June 2016, a retrospective analysis was performed on 609 stroke patients with cancer. They were divided into 3 groups: cancer-stroke group (CSG, 203 cases), stroke group (SG, 203 cases), and cancer group (CG, 203 cases). The D-dimer levels and diffusion-weighted imaging lesion (DWI) pattern were compared to an age-and sex-matched control group. The most common cancer types were colorectal cancer (20.2%) and lung cancer (18.72%). The average D-dimer level in stroke patients and cancer patients were 0.34 and 1.50 mg/L, respectively. The descending levels of D-dimer from cancer types were lung cancer (2.06 mg/L), pancreas (1.74 mg/L), gastric (1.61 mg/L), among others. Univariate analysis of the CSG and the others shows there were significant differences in the prevalence of the levels of D-dimer and DWI pattern, hypertension, diabetes mellitus, and thrombus. CSG has a unique pathological characteristic including high plasma D-dimer levels and multiple vascular lesions. The results show that D-dimer and DWI can be used as diagnostic index in clinical practice.
Introduction
Neoplasms, cardiovascular diseases, cerebrovascular diseases are 3 major killers among humans all over the world. [1] [2] [3] [4] [5] [6] The relationship between cancer and thrombosis was first proposed in 1865 by Trousseau, who discovered migratory thrombosis as a manifestation of concealing gastric cancer. Approximately, 15% of the cancer patients were reported to exhibit thromboembolic complications at autopsy, and 50% had clinical manifestations of stroke. [7] [8] [9] Researchers have proposed that stroke might be the first manifestation of an underlying malignancy, coagulation abnormalities, or embolic pathologies. [10] Some studies have reported that stroke is a common cerebrovascular accident among cancer patients [11, 12] and that the most common mechanisms of stroke in cancer patients appear to be central nervous system tumor and coagulopathy. Cancer-related thrombosis, known as Trousseau syndrome, is caused by coagulopathy, which indicates that cancer-associated hypercoagulation plays a pivotal role in cancer-related stroke. [13] Lung cancer is associated with an increased risk of subsequent stroke within 1 year after diagnosis for men and 2 years after diagnosis for women. [14] Plasma D-dimer levels are above the normal range in patients with gynecologic tract tumors. [15] Studies have demonstrated that ovarian cancer and breast cancer patients have an increased risk of developing ischemic stroke. Age, hypertension, diabetes, and chemotherapy treatment are independent risk factors. [16] However, there are few large-sample retrospective research of cancerrelated stroke and high-risk tumor types, among cancer patients in China Mainland. Several studies on this topic have reached similar conclusions: the D-dimer levels and multiple vascular territory lesions of DWI pattern are 2 significant characteristics differentiating cancer-stroke from conventional stroke. [11, [17] [18] [19] Based on the hypothesis that hypercoagulation has close relationship with the pathophysiology of stroke in cancer patients without conventional stroke mechanisms, we guessed whether similar findings could be observed in a large cancerstroke population versus a matched control group in China Mainland. We searched the PubMed and Embase database for similar studies in the United States and Europe and found that the sample sizes in all such studies were <200 and that some studies did not provide clear statistical evidence for the diagnostic significance of the D-dimer levels or multiple vascular territory lesions. Thus, we collected current data in Shanghai and tried to take advantage of a larger sample of statistical data to confirm whether the two characteristics can be used as diagnostic indicators in China.
Previous studies have evaluated the characteristics of ischemic stroke in patients with cancer. There are few large-scale studies on stroke in cancer-affected persons. The present study aims to confirm whether the plasma D-dimer levels can predict ischemic stroke in cancer patients. The highlights of this study are the large sample of patients investigated and the combined analysis of the D-dimer levels and diffusion-weighted imaging (DWI) pattern. The purpose of this study was to evaluate the risk factors in cancer-stroke patients and elucidate the clinical characteristics of cancer-associated ischemic stroke to differentiate the latter from the conventional ischemic stroke and understand whether the Ddimer levels and DWI pattern can be used as diagnostic indices for cancer-related stroke.
Methods

Patient population
To assess the precise mechanisms of stroke in cancer patients, we retrospectively analyzed cancer patients with acute ischemic stroke or a stroke history registered at Xinhua Hospital, Shanghai Jiao Tong University, from 2012 to 2016. Cancerstroke subjects who displayed no evidence of acute infarction or chronic infarction on neuroimaging, serious infection disease, chronic renal failure, hematological malignancies, or brain tumor were excluded from the study.
2.1.1. Cancer-stroke group. Between June 2012 and June 2016, the total number of patients with cerebral infarction was 7548. Among them, the number of cancer patients with cerebral infarction was 317. Cancer patients with brain tumor, hematological malignancies, and infectious diseases were excluded. Eventually, 203 subjects met our selection criteria. According to the time of cancer onset, the cancer-stroke group (CSG) was divided into 3 groups: a group in which the tumor occurred simultaneously with stroke (diagnosis of cancer and acute stroke occurred within 3 months) (75, 36.95%, CAS), a group in whom stroke occurred after cancer treatment (the diagnosis of cancer and acute stroke occurred >3 months apart, and cancer treatment was received) (63, 30.05%, TCS), and a group of cancer patients with a history of stroke (65, 30.02%, CSH). Clinical diagnostic interviews were conducted by 2 experienced neurologists. The patients in the cancer-related stroke group were classified into 2 subgroups according to the criteria of the Trial of Org 10172 in Acute Stroke Treatment (TOAST): patients with a normal stroke mechanism (stroke patients with normal risk factors, r-CSG) and stroke patients without risk factors (n-CSG).
Stroke group.
Two hundred three subjects were selected from the patients with conventional stroke mechanisms (cancerfree stroke group [SG]). The patients were classified as noncancer patients if they had never been diagnosed with cancer. SG patients were selected with the same hospital admission time, sex, age, and number of cases as the CSG patients. The exclusion criteria were body and CNS tumors, serious infections, hematologic diseases, and vital organ failure.
2.1.3. Cancer group. Two hundred three patients were selected in the cancer group (CG) (cancer without stroke) The patients with cancer were classified as nonstroke patients if they had never been diagnosed with stroke. Overall, 203 subjects were selected from patients with body cancer (cancer without stroke group CG). CG patients were selected with the same hospital admission time, sex, age, type of cancer, and number of cases as the CSG patients. The exclusion criteria were infarction, serious infections, blood diseases, nervous system tumors, and vital organ failure.
Control groups with ischemic infarction or cancer were established by a one-to-one assignment of age-and sex-matched control subjects (N: 203, 63 females, 140 males). Control subjects were further selected with respect to the date of hospital admission to avoid bias from time-dependent differences in the diagnostic workup during the last 5 years. Consequently, age-and sex-matched patients with stroke or cancer who were admitted to the hospital within the same time frame (less than a month), as the index patients were chosen for this study (Fig. 1 ).
Demographic and clinical characteristic
Hypertension was diagnosed when the systolic/diastolic blood pressure was consistently >140/90 mmHg. Diabetes mellitus was defined as a fasting blood glucose level ≥126 mg/dL and a glycosylated hemoglobin A1c concentration ≥6.5%. Demographic data, including age, sex, atrial fibrillation, myocardial infarction, thrombus, tumor metastasis, and treatment results, were obtained from medical records. Laboratory data, including prothrombin time (PT), prothrombin time international normalized ration, activated partial thromboplastin time, thrombin time (TT), erythrocyte, hemoglobin platelet count, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and plasma levels of Ddimer and fibrinogen, were collected. All patients received infarction National Institute of Health Stroke Scale score, electrocardiography, and arteriovenous ultrasound.
Imaging data
Three-tesla magnetic resonance imaging (MRI) was performed at admission. DWI, T1-and T2-weighted images, fluid-attenuated inversion recovery images, and 3-dimensional time-of-flight magnetic resonance angiography were obtained. Cerebral computed tomography (CT) was chosen for patients with MRI contraindication. For subjects with brain MRI, the distributions of ischemic lesions were divided into single brain infarction, multiple cerebral infarction, and lacuna cerebral infarction. Stroke subtypes were assigned using the criteria of the TOAST. 
Statistical analysis
The SPSS17.0 software (SPSS Inc, Chicago, IL) was applied for data analysis. A P value <.05 was considered statistically significant. Differences in the frequency of categorical variables were reviewed using the x 2 test or Fisher exact test. Outcome values were compared using the t test and general linear model analysis. A receiver-operating characteristic (ROC) curve analysis with area under the curve (AUC) was used to calculate the discriminatory ability of the d-dimer and DWI pattern for r-CSG and n-CSG.
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Results
This study suggests that the most common cancer types were colorectal cancer (20.2%), lung cancer (18.72%), prostate cancer (10.84%), gastric cancer (10.84%), urologic neoplasm (9.36%), breast cancer (7.88%), and gynecological cancer (6.4%) (Fig. 2) . The average D-dimer levels in stroke patients without cancer were 0.34 mg/L, whereas the D-dimer levels for cancer patients were 1.0427 mg/L (P < .05). The average of D-dimer in each group was ranked in descending order: 1.50 mg/L CAS, 1.01 mg/L CS, 0.88 mg/L TCS, 0.56 mg/L CSH, 0.34 mg/L SG, 0.59 mg/L CG. The average of D-dimer by types of cancer was ranked from high to low as lung cancer (2.06 mg/L), pancreatic cancer (1.74 mg/L), and gastric cancer (1.61 mg/L) ( Fig. 3 ). Vascular risk factors of patients were more common in the SG group than in the CS group. DWI pattern of multiple lesions that involved multiple arterial territories were more frequent in the CSG than in the SG (Table 1) .
Among all laboratory indicators, PT (P < .005), TT (P < .001), plasma levels of D-dimer (P <.01), erythrocytes (P < .01), and hemoglobin (P < .01) in patients with cancer were significantly higher than those in CFS patients. The mortality rate was significantly higher in patients with cancer (29, 15 .3%) than in control subjects (4, 1.97%) (P < .01) ( Table 1 ). The prevalence of deep vein thrombosis and pulmonary embolism was significantly higher in patients with cancer (6, 2.90%) than in control subjects (0, 0.0%) (P < .01) ( Table 1 ). The D-dimer levels varied significantly among different groups; except TCS compared with CAS (P > .05), and those of cancer patients with metastatic disease were significantly higher than those of patients without metastasis (P < .01) ( Table 2 ). The AUC for D-dimer level and DWI pattern was 0.864 (0.801-0.967) and 0.839 (0.580-0.755) (95% confidence interval). This indicates that the D-dimer levels and DWI pattern are both reliable indicators for the diagnosis of n-CSG. 
Discussion and conclusion
Stroke remains as one of the highest mortality in neurological diseases. [20] [21] [22] [23] [24] The current evidence suggests that a first-ever stroke may reveal an undiagnosed underlying malignancy. [10] To date, this study is the first case-control report in China and is somewhat representative of East Asia. We identify the probability of cerebral infarction in different cancer patients, as in the Schwarzbach et al's study. [11] Because the sample size used intudy is much bigger than those used in other articles, [11, 25] our results shall be convincing. Several studies have reported that lung cancer has the highest incidence in stroke patients, whereas we concluded that colorectal cancer has the highest incidence. [11, 17, 26] The possible reasons for this discrepancy might be attributed to the different clinical studies performed or the fact that this was a single-center retrospective study, and the difference between colorectal cancer and lung cancer was <2%. Nevertheless, the physicians should be highly alert, not just for patients with lung cancer, as a result of colorectal cancer as a possible risk factor for stroke ( Table 3) .
Various factors must be considered when determining the etiology of stroke in cancer patients. Chronic inflammation and activated coagulation system seem to play a role in stroke onset, the extent of which depends on the activity and severity of the underlying cancer. [27] Traditional cerebrovascular risk factors in the general population such as age, hypertension, coronary artery disease, hypercholesterolemia, diabetes, and family history of stroke should be assessed, but cancer patients frequently have stroke as a cancer-related event, in which the malignancy directly or indirectly contributes to the cerebrovascular insult. [28] Stroke patients with active cancer had significantly higher Ddimer levels than did those without cancer. Our data suggest that coagulopathy associated with cancer might cause stroke. To determine whether elevated D-dimer levels are the result of the cancer, we also included cancer patients without stroke in the analysis: the average D-dimer levels of CG (0.59 mg/L) were higher than those of SG (0.34 mg/L), but still lower than those of CSG (1.01 mg/L). This result indicates that elevated D-dimer levels are probably the result of the stroke and that the cancer Ddimer levels, although they are higher than the normal range, are not sufficient to diagnose cancer-related stroke because 14.77% of cancer-free stroke patients also have abnormal D-dimer levels. Patients who had mildly elevated D-dimer (≥0.55 mg/L) and multiple infarctions on MRI had increased likelihood of occult malignancy. [29] Cancer treatments may contribute to a low-grade activated coagulation that results in systemic or cerebral arteriovenous thrombosis, which usually, but not exclusively, occurs in the setting of advanced malignant disease. [30] Our data show that the average D-dimer levels of TCS (0.88 mg/L) were higher than that of CSH (0.56 mg/L). In conclusion, cancer treatment, cancer itself, and stroke itself can all cause elevated D-dimer levels. Additionally, an evaluation of D-dimer levels can be used for diagnosis, for risk evaluation, and as a treatment marker in thrombogenic states such as deep vein thrombosis.
The infarct pattern in cancer patients with stroke is rarely reported. DWI pattern of multiple lesions involving multiple arterial territories were observed more frequently in the CSG than in the SG. Among our active cancer patients, multiple territory infarctions were found in 37.43% of the cancer-related stroke patients. These data indicate that MRI features alone have an inadequate sensitivity for the prediction of hidden malignancies. Previous studies have speculated that the D-dimer levels and DWI pattern may have diagnostic significance in the contest of the statistical analysis of large amounts of data. The results reported here, relative to the comparison of the two ROC analyses, support the argument that the D-dimer levels and DWI pattern are both reliable for diagnosing n-CSG. The D-dimer levels are of great significance for the diagnosis, although the significance of the DWI pattern in the diagnosis of n-CSG is relatively weak (Figs. 2 and 3) .
Extraordinary high D-dimer levels or a combination of D-dimer levels and MRI findings may be used as a screening tool to detect Table 2 Comparison of D-dimer levels between different groups.
CSG
Control P CAS CAS = group in which the tumor occurred simultaneously with stroke, CSH = group of cancer patients with a history of stroke, SG = cancer-free stroke group, TCS = group whose cancer occurred after treatment Table 3 Laboratory data in stroke patients with cancer and stroke patients and cancer patients. .068 APTT = activated partial thromboplastin time, CG = cancer without stroke group, CSG = cancer-stroke group, DD = D-dimer, FIB = fibrinogen, INR = international normalized ration, HDL =high-density lipoprotein, LDL = low-density lipoprotein, P 1 = the comparation between CSG and SG, P 2 = the comparation between CSG and CG, P 3 = the comparation between CSG, SG, and CG, SG = cancer-free stroke group, TT = thrombin time. malignancy in stroke patients. [29] Current evidence shows that when presented with multiple bihemispheric infarction on DWI and an unknown etiology, clinicians must consider the possibility of a concealed cancer. [31] In stroke patients with cancer, the Ddimer levels and DWI lesion pattern may be helpful in the early identification of cancer (especially coagulopathy associated with cancer) and possibly in guiding secondary prevention for stroke. [30] In our patients, there was a significant difference in the occurrence of embolic events and mortality rate between CSG and SG. [32, 33] Six patients had deep vein thrombus in CSG, and no patient had deep vein thrombus in SG. In addition to venous thrombosis, arterial occlusion and angina symptoms are relatively common among cancer patients. [34] Some studies have shown that lung cancer patients have a higher risk of developing pulmonary embolism than do cancer-free patients. Surgery and chemotherapy were also associated with an increased risk of embolism. [35] The published mortality rate in cancer-related stroke patients ranges from 25% to 30%, compared with 14% mortality rate in stroke patients without cancer. [36] In our study, the mortality rate in patients with cancer was >15.27% during hospitalization; of the deaths recorded, 10 cases occurred in lung cancer patients, 6 cases in gastric cancer patients, 4 cases in colorectal cancer patients, and 3 cases in pancreatic cancer patients. Lung cancer patients are, as expected, the ones with the highest mortality rate; however, other types of cancer should not be ignored.
Our results also show that the D-dimer levels are correlated with the stage of the disease and the number of metastases. According to our study, the cancer of the neck had the lowest Ddimer level (0.31 mg/L). Head-neck tumors can produce cerebral ischemia by local vascular compression. Increasing amount of data show that chemotherapy can exert significant toxicity on the nervous system. Radiation therapy administered to the head and neck, typically in the setting of head and neck cancers, may induce severe carotid atherosclerosis after a delay. [37, 38] The dose and types of radiotherapy and the chemotherapy regimen are serious factors. [39] These issues need further investigation.
The stroke mechanisms in cancer patients may differ from those in stroke patients without cancer. Thus, the treatment and preventive strategies in these 2 groups may differ. Early recognition of acute stroke may allow the cancer patient to access surgical or medical intervention and improve their overall outcome. In addition, secondary prevention therapies of stroke are guided by the etiology of the initial cerebrovascular event. Anticoagulants reduce the incidence of thromboembolic events in patients with metastatic or locally advanced cancer who are receiving chemotherapy. [40] Thus, additional consideration must be given to the causes of stroke that are unique to the cancer patient.
Limitations to our study include its retrospective nature and the lack of late follow-up. The results presented in this study can be summarized as follows: hypercoagulopathy could be a major pathophysiologic mechanism of stroke related to cancer, which is very distinct from the mechanisms of conventional stroke; considering extraordinarily high D-dimer levels or a combination of D-dimer levels and MRI findings as modern diagnostic evaluations is essential for the correct management of these patients.
